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for all points y of the unbounded connected component C — D of H (9.83),
and there are points y e C — D which are exterior to a closed ball containing
; for such points, j(y; y) = 0 (9.8.5), hence the result.
PROBLEMS
 1.	Let A be a connected open subset of C; show that for any two points a, b of A,
there is a simple path y contained in A, having a and b as extremities, and whose set
of points is a broken line (Section 5.1, Problem 4; this amounts to saying that y is
piecewise linear). (Use a similar argument as that in (9.7.2). If a " square "Q = IxIcA
(I closed interval with nonempty interior in R) is such that a $ Q, and there is a simple
path t-*yi(t) in A, defined in J g R, with origin a and extremity c e Q, consider the
smallest value /0 e J such thaty^/o) e Q, and observe that the segment of extremities
yi(/o) and any point of Q is contained in Q.)
 2.	Is Janiszewski's theorem still true when A and B are only supposed to be closed subsets
of C, even if A n B is compact (and connected) ? Show that the statement of the
theorem remains true in the two following cases: (1) A, B are two closed sets, one of
which is compact ; (2) A and B are two closed sets without a common point. (If c is a
point sufficiently close to <a, consider the mapping z~>l/(z — c), and the images of
a, b, A and B under that mapping.)
 3.	For any simple closed curve H in C, denote by /?(H) the bounded component of C — H.

 (a)	Let A be a connected open subset of C, H a simple closed curve contained in A.
Show that A — H has exactly two connected components, which are the intersections
of A and of the connected components of C — H (use Problem 2).
 (b)	More generally, if H,- (1 ^ i ^ r) are r simple closed curves contained in A, and
such that no two of them have common points, the complement of (J H, in A has
exactly r + 1 components (use induction on r).
 (c)	If H, H' are two simple closed curves without a common point in C, show that
either /?(H) n /3(H') = 0, or the closure of one of the sets /?(H), j8(H') is contained in
the other. (Observe that if H c /2(H'), the unbounded component of C — H' has no
common point with /?(H), using (3.19.9).)
 (d)	Suppose a connected open subset T of C has a frontier which is the union of r
simple closed curves Hf (1 < / ^ r), no two of which have common points. Show
that there are only two possibilities: (1) T is unbounded and no two of the sets /?(Hf)
have common points, their union being the complement of T; (2) there is one of the H, ,
say Hr, such that the /?(H/) are contained in /?(Hr) for 1 < / ^ r — 1, no two of the
/?(H£) (1 < / < r — 1) have common points, and T is the complement of the union
of the /?(Hf) (for 1 ^ zX r — 1) in /?(Hr). (If y/ is a simple loop whose set of points
is Hf (1 < / < r), observe that the indices j (x\yi) are constant for x e T, and that at
most one of them may be ^ 0; otherwise, using (c), show that one at least of the hi
would not be contained in the frontier of T.)
4.	Let A be a bounded open connected subset of C, such that for any loop y in A and
(a) Show that for any simple closed curve H c: A, the bounded component /?(H)
is contained in A. (Observe that otherwise it would contain points of C — A, using
(3.1 9.9) and part (b) of the Jordan curve theorem.)

